Background: Sensitivity of tissues can be measured by algometry. Decreased pressure pain thresholds over the cranio-cervical area are supposed to reflect signs of sensitization of the trigemino-cervical nucleus caudalis. A systematic review was conducted to assess the current scientific literature describing pressure pain threshold (PPT) values over the cranio-cervical region in patients with migraine, tension-type headache (TTH), and cervicogenic headache (CeH). A literature search was executed in three databases. The search strategy included the following keywords: migraine, TTH, CeH, PPT and algometry. A total of 624 papers was identified of which relevant papers were subsequently assessed for methodological quality. Twenty-two selected papers were assessed by two independent reviewers and the majority of studies scored low risk of bias on the selected items. Mean PPT values of several sites measured in the cranio-cervical region in patients with migraine, chronic TTH and CeH scored lower values compared to controls. The trapezius muscle (midpoint between vertebrae C7 and acromion) was the most frequently targeted site and showed significantly lower PPT values in adults with migraine (pooled standardized mean difference kPa: 1.26 [95%CI -1.71, −0.81]) and chronic TTH (pooled standardized mean difference kPa: -2.00 [95%CI -2.93, −1.08]). Most studies found no association between PPT values and headache characteristics such as frequency, duration or intensity. Further standardization of PPT measurement in the cranio-cervical region is recommended.
Background
Pressure pain thresholds (PPT) reflect sensitivity and can be measured by pressure algometry using a mechanical or electronic pressure algometer. Pressure is gradually increased and subjects have to report when the applied pressure changes from a feeling of pressure into a feeling of pressure and pain. Pressure algometry has been shown to be a valid and reliable measurement of PPT in cranio-cervical muscles [1] [2] [3] . Pain perception studies in headache patients measuring muscle tenderness, including PPT, have clarified the pathophysiological mechanism in different types of headache. PPT represent the sensitivity of tissues and depending on the site of measurement (cervico-cephalic and/or extracervico-cephalic region) where these PPT are decreased, they are supposed to reflect signs of sensitization of the trigemino-cervical nucleus caudalis [4] [5] [6] . This neurophysiological model of sensitization of the trigeminocervical nucleus caudalis is generally presumed to play an important role in the onset and maintenance of chronic headaches including migraine and chronic tension-type headache (TTH) [7, 8] . Consequently, people with headache can be expected to have lower PPT values in the cranio-cervical region.
A narrative review reported on studies describing the correlation between PPT in the cervico-cephalic region and different types of headache in the period till 2010 [4] . The majority of studies included in that review showed several methodological shortcomings in not fulfilling the ICHD II criteria and standardization of PPT measurements. Recently, a systematic review described the correlation between headache and PPT in muscles in the trigeminal areas [9] . However, to date, no aggregated evidence on the association between PPT values in the cranio-cervical region and headache is available. This can be of interest, given the ongoing development of therapeutic interventions in the cranio-cervical region.
Currently, non-pharmacological interventions to treat headaches are widely administered as a prophylactic treatment option for migraine, TTH or cervicogenic headache (CeH). These include physical-and manual therapy, neuromodulation by botox toxine injections and greater occipital nerve or cervical joint anesthesia [10, 11] . Physical-and manual therapy interventions are predominantly directed to the cranio-cervical region in order to reduce headaches [11] . The rationale for administering these interventions is that effecting a decrease of afferent nociceptive information in the cranio-cervical region (i.e. a peripheral mechanism) will lead to a decrease of peripheral sensitization or sensitization of the trigemino-cervical nucleus caudalis [12, 13] . Therefore, providing clinicians who administer such interventions with reference PPT values in the cranio-cervical region may assist them in their evaluation of PPT values.
The question of this review is whether PPT values in the cranio-cervical region in participants with migraine, TTH and CeH are decreased compared to healthy controls. Additionally, it will be of further interest to assess the strength of association between PPT values and headache characteristics such as frequency, duration or intensity.
Methods

Identification and selection of studies
Based on our research question a systematic, computerbased literature search was conducted by an independent librarian (HdK) employed by the VU University in August 2015 in literature published during the period January 2004-August 2015. This limitation of the search period was to ensure the inclusion of studies that were published after the publication of the updated and more detailed classification of headaches, especially TTH (ICHD II, 2004). The medical databases included in the search were: PubMed, Cinahl, and Embase. The following words were used to search in all databases: headache, pressure pain threshold and algometry (see Additional file 1: Appendix 1 for full search strategy). We did not perform an additional search for grey literature.
Two reviewers (RC, WDH) independently screened the titles and abstracts of the citations generated by the literature search. The following inclusion criteria were applied to decide if papers would be included for further evaluation: (a) headaches were classified as migraine, TTH or CeH, (b) pain threshold measurements (algometry) were applied in the cranio-cervical region, (c) scores on PPT were available, (d) research involved humans, (e) were case-control studies, and (f ) research was published after 2004. Case studies were excluded.
The search generated 868 papers. After manual removal of duplications 710 papers were subsequently screened for eligibility for title and abstract. Finally, based on full-texts screening 17 articles out of 39 papers met the in-and exclusion criteria of our search and were carefully analyzed. More detailed information of this procedure is provided in the flow chart (Fig. 1) .
Assessment of characteristics of studies
To evaluate the methodological quality of the included studies the Dutch EBRO checklist for case-control studies was used, as all included studies had this design (http://netherlands.cochrane.org). The five most relevant checklist items regarding selection bias, blinding and determination of confounders were used to assess risk of bias in the included studies. These five selected criteria items were, independently, scored by two reviewers (RC, WD) as either "positive", "negative" or "unclear", in case an item was inadequately reported upon. An unweighted Cohen's kappa (k) coefficient was calculated to quantify the agreement between the reviewers. Agreement was scored as poor (0.0), slight (0.0 to 0.2), fair (0.21 to 0.4), moderate (0.41 to 0.6), substantial (0.61 to 0.8), to almost perfect (0.81 to 1.0) [14] .
Data analysis
Two reviewers performed the data extraction independently. In case data were lacking or not clearly described in the original paper the authors were approached to supply the raw data. In an attempt to increase readability, we summarized the values of the data on PPT and synchronized the two frequently applied PPT scores (kg/ cm and kPa) into kPa by using a converter application, applying the following formula: 1 Kilogram-force/Square Centimeter (kg/cm 2 ) = 98.0665 Kilopascal (kPa). We summarized all mean values (kPa) of muscle sites found in each of the selected studies. The mean values were calculated separately for adults and gender. In case pooling of data was considered we assessed the following sources: classification of headache, age, site of measurement, and measurement units. We pooled data using the random effect model and the RevMan software program, version 5.3 [15] .
Results
Flow of studies through the review
The flow diagram of the study selection is presented in Fig. 1 . We searched publications on selected electronic databases (PubMed, Cinahl, and Embase.com) published during the period January 2004-August 2015. It was not necessary to consult a third reviewer for the selection and inclusion of studies. The studies that met the inclusion criteria were assessed for risk of bias.
Differences in score between both reviewers were discussed and solved. Arbitration was not needed. The score on risk of bias between both reviewers showed an overall agreement of 92% and had an unweighted Kappa of 0.6 (substantial agreement) ( Table 1) . Most important items and outcome of the studies are summarized in Table 2 .
Characteristics of studies
All 17 selected studies are case-control studies. A total of 671 participants with headache (episodic TTH n = 38, chronic TTH n = 187, migraine n = 316, CeH n = 68, unclassifiable headache n = 62) and 491healthy controls were analyzed.
PPTs were assessed using electronic or mechanical devices at specific sites in the cranio-cervical region. Most investigated types of headache were CTTH and migraine. The majority of PPT values in the cranio-cervical region are expressed as separate scores for each cranecervical muscle, joint or transverse process. The most investigated and best recorded site among the different headache disorders was the midpoint between vertebrae C7 and acromion in the trapezius muscle.
Only the upper trapezius muscle fulfilled the aforementioned required criteria for homogeneity. Pooling of results from other sites was not possible due to variations in localization or definition of sites, and lack of specified PPT scores.
Included studies
Migraine versus controls
We retrieved ten studies that described PPT in migraine [6, [16] [17] [18] [19] [20] [21] [22] [23] [24] .
In the trapezius muscle, four studies [19] [20] [21] [22] found significantly lower mean PPT values in participants with migraine compared to controls with a pooled mean difference of (kPa) -55.75 [95%CI -79.80, −31.70] ( Table 3 ).
In the suboccipital region (suboccipital insertion, trapezius insertion, suboccipital muscles) three studies [20] [21] [22] described significantly lower PPT values compared to controls. This result contrasts with that of Zito et al. who found no significant difference [24] (Table 2) .
Mean PPT scores of a combination of measurements on the splenius muscle, trapezius muscle, temporalis muscle, and index finger in migraine were described in two studies by Engstrom et al. in which one study reported significant lower values between not sleep-related migraine versus controls (kPa: 519, sd 125 vs kPa: 661, sd 249 p = 0.05, 16,18).
TTH versus controls
Ten studies [6, 18, 20, 23, [25] [26] [27] [28] [29] [30] reported PPT values in the cranio-cervical region in participants with TTH. In the trapezius muscle, five studies [20, 25, 27, 28, 30] Table 4) .
At the left and right suboccipital region (suboccipital insertion, suboccipital muscles) the PPT were significant lower in participants with chronic TTH versus controls in two studies (p < 0.002) [20, 30] . Mean PPT scores of a combination of measurements on the splenius muscle, trapezius muscle, temporalis muscle, and index finger were significant lower in chronic TTH patients (p < 0.05), while no significant were observed in episodic TTH compared to controls [18, 26] . One study showed significantly lower PPT values (p > 0.05) in the splenius capitis muscle in chronic TTH patients [29] . In elderly patients with episodic TTH, no significant differences in PPT scores at the upper neck were detected [23] .
CeH versus controls
Three studies reported PPT values in the cranio-cervical region in participants with CeH. Zito et al. found no between-group differences in PPT scores at the C2-3 zygapophyseal joint, but significantly lower PPTs in the area over the transverse process of C4 in comparison to the control group (P 0.05) [24] . No significant difference in PPT score over the articular pillars of the cervical segment C2-3 was reported between elderly participants (65.4 years, sd 4.7) [23] .
One study described PPT in the pain-free reference area (i) in the thigh; (ii) superior insertion of sternocleidomastoid; (iii) temporalis muscle and (iv) ophthalmic division of the trigeminal and showed a significant difference (F-5.63, p < 0.001) between CeH group and participants with only neck pain using a multivariate general linear model and a significant site effect compared to controls (F -17.39, p < 0.001, 31).
Between headache groups
Participants with chronic TTH show significant lower PPT values at 3 different sites in the neck region (i. the suboccipital muscle insertions, ii. transverse process of C5, iii. Middle point between the spinous process of C7 and the acromion) compared to participants with strictly unilateral migraine [20] . Filatova et al. found no significant difference in average mean PPT scores of the forehead, temple and neck (trapezius muscle and C2 point) between chronic TTH and chronic migraine [6] .
Engstrom et al. reported significant lower values (p < 0.05) on average mean PPT score from splenius muscle and trapezius muscle in chronic TTH versus episodic TTH [26] . There were no significant differences of these sites between interictal (kPa: 549, sd 135), pre-ictal (kPa: 582, sd 194), and post-ictal migraine (kPa: 539, sd 70) [17] . Between participants with episodic and chronic migraine also no significant differences in PPT were detected in the trapezius muscle and sternocleidomastoideus muscle [22] . One study found no significant differences in PPT at the transverse process of C4 and the C2/3 zygapophyseal joint between CeH and migraine [24] . In elderly participants with episodic TTH, migraine, CeH, or unclassifiable headaches, no significant differences are described in PPT in the neck region (bilaterally over the articular pillars of the cervical segment C2-3) [23] .
Gender differences
Three studies analyzed differences in PPT values between adult male and female participants and reported lower PPT values in neck points in females [19, 27, 29] . In two studies, these differences reached statistical significance. Females with chronic TTH showed significantly lower PPT values in the splenius capitis muscle (P < 0.05) [29] . Females with migraine and in the healthy control group reported lower PPT levels (P < 0.001) in the upper trapezius muscle than males [19] .
Association between PPT values and headache parameters PPT values and frequency of headache
In total eight studies reported the association between PPT values of several cranio-cervical sites and headache frequency in chronic TTH [6, 20, 23, 27, 29, 30] and migraine [6, [19] [20] [21] 23] . Fernandez de las Penas et al. showed a significant negative association in migraine and chronic TTH between PPT of trapezius muscle and frequency of headache, whereas other studies [6, 19-21, 23, 27, 29, 30] did not find a significant association (Table 2) .
PPT values and intensity of headache
Significant negative association (P < 0.05) between PPT values in the cervical region and headache pain intensity was observed in two studies: one paper, including participants with chronic TTH [28] and another describing participants with migraine [20] . Most studies reported no significant association between PPT values and headache intensity in chronic TTH [6, 23, 27, 29, 30] or migraine [6, 21, 23] .
PPT values and duration of headache
In chronic TTH two studies [20, 28] reported a significant relation between PPT and duration of headache, whereas four studies [23, 27, 29, 30] found no significant association. In migraine, one study observed a significant negative association between PPT and duration over 3 points in the neck region (P > 0.05) [20] . Three studies [19, 21, 23] reported no significant relation between duration of migraine and PPT in the cranio-cervical region.
Discussion
This systematic review provides PPT value ranges over the cranio-cervical region of healthy controls, migraine, TTH and CeH. This is of importance given the growing interest of prophylactic treatments aimed at the craniocervical region.
Measurement of PPT has played an important role in elucidating the pathophysiology of chronic headache. By describing PPT values over the cranio-cervical region Table 3 Results of meta-analysis of pressure pain thresholds (kPa) of trapezius muscle (midpoint between vertebrae C7 and acromion) in migraine versus control, * results of pressure pain thresholds in females, # episodic migraine Table 4 Results of meta-analysis pressure pain thresholds (kPa) of trapezius muscle (midpoint between vertebrae C7 and acromion) in chronic tension-type headache (CTTH) versus control, * results of pressure pain thresholds in females this review contributes to the understanding of pathophysiological mechanism in different types of headache.
We were able to include 17 papers with low risk of bias. We found reduced PPT in the cranio-cervical region primarily in migraine and chronic TTH compared to asymptomatic controls. Comparison among headache types indicates that reduced PPT are primarily a feature of chronic TTH. This is in line with a narrative review that summarized the literature on PPT measurement in TTH till 2010 [4] .
The most frequently recorded PPT measurement was located at the midpoint between vertebrae C7 and acromion in the trapezius muscle. Here, pooling of data was allowed based on identical headache diagnosis (ICHD II, ICHD III, Sjaastad criteria), age, site of measurement, and outcome of measurement. Subsequently, the mean PPT values were calculated and showed a significant mean difference in participants with chronic TTH versus controls as well in participants with migraine versus controls.
The suboccipital region was the second most reported site of measurement and includes the suboccipital muscles insertion, trapezius muscle insertion, and suboccipital muscles. Pooling of data was not feasible due to heterogeneity of measured sites in this region. However, it is noteworthy that in four out of five studies the suboccipital region reported significantly lower PPT in chronic TTH and migraine. These significantly lower PPT thresholds in the trapezius muscle and suboccipital sites reflect altered pain perception in this regions and support the pathophysiological model of sensitization in migraine and chronic TTH [32] . These findings highlight the importance of PPT assessment at aforementioned cranio-cervical sites in headache research and evaluation of treatment.
In all studies PPT are generally lower in females than in males. This is a consistent finding and is in line with other studies [9, 33] .
Most studies found no significant association of headache characteristics (frequency, intensity, duration) with PPT values within the different types of headache. This can be due to the combination of small sample sizes and the wide range of PPT values.
One of the strengths of this review is that we used state of the art methods for performing systematic reviews and rigorously applied these guidelines for study selection (e.g. by using an independent librarian to compose and execute the search strategy), screening for eligibility, assessment of risk of bias, and analysis of data. PPT may differ between types of headache and within TTH [4] . Consequently, we regarded the classification of headache, especially TTH, as an essential and key element in the assessment of studies. Therefore, we limited our search to studies that were published after 2004, the year of publication of the ICHD II, since this classification provided an updated and more detailed classification of TTH. At the same time, this limitation can be considered as a weakness of this study because this paper covers not all available evidence on PPT measurement over the cranio-cervical region.
Another strength of our study is that we were able to pool data at one point that was carefully selected based on descriptions in the protocols and representations of the figures.
For the measurement of PPT different instruments are used. The validity of the reported results on PPT values in the selected studies therefore depends partly on the reliability of measurement. Some studies have assessed the intra-and inter-examiner reliability and reported high reliability scores (range ICC: 0.82-0.99) of the PPT measurement for both mechanical and electronic devices [18, 24, 27, 28] . These findings are in line with previous research [2, 34, 35] . Given these high reliability scores, we are confident that the results of this review are not hampered by insufficient reliability of the applied measurement methods.
Although the performance of the PPT measurement was comparable across the studies there was a great variety of sites measured in the cranio-cervical region. Some studies reported sum scores, i.e. average mean scores of the PPT of multiple sites in the cranio-cervical region or craniocervical sites in combination with extra-cephalic sites. Besides these differences in sites also the anatomical description of sites was not accurate with the exception of the midpoint in the trapezius muscle between vertebrae C7 and acromion. These methodological shortcomings hamper the reproduction of the study and generalizability of results. Therefore, we would recommend the standardization of measurements on well-defined spots and reporting of separate scores on sites in future studies. This will allow future pooling of data which in turn will lead to more solid and robust conclusions.
We would further recommend clinicians and future researchers to analyze the results of male and female participants separately.
At present, no grading system is available to rate epidemiological associations. Even though, in regard to the results of this systematic review, we want to consider the following methodological aspects of the included studies. All studies had a case-control design and their risk of bias was assessed to be low. Although studies applied the ICHD II or III for the inclusion of participants, not all studies reported on the severity of headaches and consecutiveness of patients. The majority of the studies recruited participants with headache from hospitals or headache clinics and this may overestimate the results. We found that most studies included a sufficient number of patients and controls and reported mean PPT values with broad confidence intervals. One of the reasons of this broad CI around the mean is that there is a great variability of PPT scores between individuals. The intra-(stability of the measurement) and inter-rater reliability (differences between subjects) show to be good. Still, all studies show lower, but not in all studies significantly lower, PPT values in the cranio-cervical region in patients with headache versus controls. When we take the forementioned methodological aspects into account to estimate the body of evidence, we conclude that this review represents moderate evidence (level B) between PPT values in the cranio-cervical region and headache.
Conclusion
We conclude that the PPT values of the trapezius muscle are significantly lower in migraine and chronic TTH compared to controls. In most studies, no significant associations were reported between PPT values in the cranio-cervical sites and headache characteristics such as frequency, duration or intensity. The increased sensitivity of cranio-cervical sites supports the neurophysiological model of sensitization in migraine and chronic TTH. Therefore, measuring PPT in the cranio-cervical region is a valuable tool for clinicians and researchers.
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